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. CSF is a protein rich fluid that is essential for normal brain development and function [3] [4] [5] [6] .
In zebrafish, brain ventricle inflation begins at approximately 18 hr post fertilization (hpf), after the neural tube is closed. Multiple processes are associated with brain ventricle formation, including formation of a neuroepithelium, tight junction formation that regulates permeability and CSF production. We showed that the Na,K-ATPase is required for brain ventricle inflation, impacting all these processes 7, 8 , while claudin 5a is necessary for tight junction formation 9 . Additionally, we showed that "relaxation" of the embryonic neuroepithelium, via inhibition of myosin, is associated with brain ventricle inflation.
To investigate the regulation of permeability during zebrafish brain ventricle inflation, we developed a ventricular dye retention assay. This method uses brain ventricle injection in a living zebrafish embryo, a technique previously developed in our lab 10 , to fluorescently label the cerebrospinal fluid. Embryos are then imaged over time as the fluorescent dye moves through the brain ventricles and neuroepithelium. The distance the dye front moves away from the basal (non-luminal) side of the neuroepithelium over time is quantified and is a measure of neuroepithelial permeability (Figure 1 ). We observe that dyes 70 kDa and smaller will move through the neuroepithelium and can be detected outside the embryonic zebrafish brain at 24 hpf (Figure 2 ).
This dye retention assay can be used to analyze neuroepithelial permeability in a variety of different genetic backgrounds, at different times during development, and after environmental perturbations. It may also be useful in examining pathological accumulation of CSF. Overall, this technique allows investigators to analyze the role and regulation of permeability during development and disease.
Video Link
The video component of this article can be found at http://www.jove.com/video/4242/ 2. Measure the distance the dye front moves in Image J software available at http://rsbweb.nih.gov/ij/. 3. Open merged file in Image J and use line tool to draw a line from the forebrain hinge-point to dye front at a 10-20 ° angle from neuroepithelium ( Figure 1A) . This region was chosen because it is the first and most noticeable site of dye leaking out of the wild type neuroepithelium. 4. Select measurement tool to calculate length of line. 5. Repeat for each time-point. 6 . Calculate net distance the dye front moved over time by subtracting distance at t=0 from other time points. 7. Plot on graph.
Quantification of Dye Movement

Representative Results
An example of results obtained in a neuroepithelial permeability assay using wild type embryos is shown in Figure 1B -D. To accurately differentiate permeability, it is useful to test dyes with different molecular weightsto identify a size that is only slightly leaky in wild type or control embryos (Figure 2) . This allows for identification of genetic mutants or environmental conditions that either increase or decrease permeability (Figure 1D , green and red lines respectively). For the 24 hpf zebrafish neuroepithelium, 70 kDa FITC Dextran leaks slowly over 2 hr, whereas 2,000 kDa does not and 10 kDa almost immediately leaks out. Therefore 70 kDa is the ideal molecular weight to identify conditions that both increase and decrease neuroepithelial permeability.
If the needle misses the ventricular lumen, fluorescence will appear outside the brain at t=0 (for an example see Gutzman and Sive, 2009 10 ). These embryos should be discarded since the injected dye was not initially contained within the brain and no clear conclusion regarding movement of the dye and permeability of the neuropeithelium can be made.
Finally, if embryos have small ventricles or un-inflated brain ventricles, pre-injection of ventricles with a saline solution can be done prior to injection of the fluorescent dye. This inflates the ventricles making subsequent visualization of the ventricles easier when injecting with the fluorescent dye. Proper controls must be performed to determine whether injection of saline disrupts normal neural tube development. 
Discussion
We demonstrate the ability to quantify permeability of the living embryonic zebrafish brain as determined for an injected dye of a given molecular weight. Our observation that the embryonic zebrafish neuroepithelium is differentially permeable to dyes of differing molecular weights suggests that the dye is moving via paracellular permeability. However, we cannot rule out the possibility of a transcellular contribution to the observed permeability. This technique could be applied to any other tubular structure as long as both the inside and outside of the tube can be seen and the lumen can be injected. However, identification of the ideal molecular weight for other organs will need to be determined as this may differ between tissues and developmental stages .
This assay will enable further investigation into the role of epithelial permeability during lumen inflation and the regulation of lumen size. In addition, this technique will help characterize alterations in epithelial permeability associated with disorders such as hydrocephalus and polycystic kidney disease.
